Abstract. The potential of controlling the gasoline premixed compression ignition combustion using the diesel micro-pilot strategy was investigated to achieve high thermal efficiency and low emissions on a light duty engine. It was found that the gasoline fraction and the second diesel micro-pilot injection timing effectively controlled the combustion phases. Then an experimental study on the engine confirmed that, at 8 bar NMEP, the proposed combustion recipe achieved up to 53% gross indicated thermal efficiency while the NOX and Soot emissions were 1 g/kg-fuel and 0.1 FSN, respectively. Optimization on the proposed combustion strategy showed the potential to meet Euro VI NOX and PM emission limits while achieving higher than 50% gross indicated thermal efficiency at the above operating point.
Introduction
Rising fuel costs have driven a need of high efficient combustion for the internal combustion engine. This has placed the diesel engine in the spotlight due to its higher efficiency compared to the gasoline engine. However, current and future emission legislations place stringent thresholds on diesel engine emissions. All these demands require the advanced combustion technology which can simultaneously achieve high efficiency and low emissions for diesel engines.
Up to date, many strategies have been investigated to meet the future requirements of clean and high efficient combustion on diesel engines. Most of the current strategies fall into the category of Low Temperature Combustion (LTC). The LTC mode is beneficial to reduce NO X due to high activation energy of NO formation reactions [1] . In addition, utilizing a long ignition delay allows adequate time for mixing of fuels and intake air prior to the start of combustion, so rich fuel regions are reduced and soot formation is inhibited. Many researchers have shown HCCI and PCCI to be promising solutions to both NO X and soot reduction [2] [3] [4] [5] [6] [7] . However, the well-mixed fuels led to the high cylinder pressure rise rate and this restricted the maximum load at which HCCI can operate [8] [9] .
Many solutions were proposed to control the combustion processes and keep the cylinder pressure rise rate below a certain threshold. Nissan et al. [10] [11] exploited the MK concept that injecting diesel fuel early with higher swirl and colder EGR to achieve the combustion when the injection is over. Toyota et al. [12] used a fuel pilot injection strategy to create a homogeneous mixture and the combustion is triggered after the main injection. In addition, different injection and EGR strategies a Corresponding author : lulinwhut@163.com International Conference on Advanced Electronic Science and Technology (AEST 2016)
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were studied in order to keep low emissions and fuel consumption [13] [14] [15] [16] on diesel engines. Unfortunately, the solutions mentioned above cannot be used in the whole operating range of the engine since at high load the pilot injection might auto ignite before the main injection being carried out.
Because the LTC mode mainly relies on the spontaneous auto ignition, all the variables that surround the combustion process would affect the phase of combustion. In view of the existing fuel infrastructure, most of the researches have been conducted using either strictly gasoline or diesel fuel. Although gasoline has a high volatility which makes a well-premixed charge, the poor auto ignition quality brings difficulty to achieve combustion at low-load conditions [17] [18] . Conversely, the superior auto ignition quality of diesel fuel can result in difficulty controlling the combustion phase as engine load is increased. In recent years, many researchers suggested that the best fuel for HCCI operation may have auto ignition quality between that of diesel fuel and gasoline. Based on the work of Bessonette et al. [19] and Inagaki et al. [20] , it is likely that different fuels ratios will be required at different operating conditions (e.g., a high cetane fuel at light load and a low cetane fuel at high load). Sage L. Kokjohn et al. [21] [22] spent lots of effort on the dual-fuel HCCI and PCCI combustion study using in-cylinder fuel blending on a heavy duty engine which proved that the introduction of the second fuel with different reactivity can help control the combustion phase.
In this paper, the diesel micro-pilot based gasoline compression ignition strategy is explored in order to demonstrate the possibility of simultaneously achieving high thermal efficiency and extremely low emissions on a light duty single cylinder engine. The critical parameters such as gasoline to diesel mass ratio, EGR fraction, diesel micro-pilot injection timing are investigated both analytically and experimentally at a given operating point. With the testing results, the significance of the combustion strategy is illustrated.
Experimental
In this paper, the single cylinder engine experiment was conducted. The EGR rate, gasoline fraction and diesel pilot 2 injection timing were investigated on the single cylinder engine. Table 1 shows the engine test conditions. The fuels used were #2 diesel fuel and RON87 gasoline. The low heat value of the diesel fuel is 42.5MJ/kg while that of the gasoline is 43.2MJ/kg. 
EGR sweep results
The EGR sweep was firstly conducted at 1900 RPM and 8 bar NMEP in order to identify the proper EGR fraction to further evaluate the impacts of PFI sweep and diesel injection timing on the combustion process, engine performance and emissions. The EGR sweep was conducted at 90% and 80% PFI respectively with first diesel direct injection timing fixed at -55° ATDC. As EGR fraction increased, the second diesel injection timing was advanced to maintain the CA50 at 4° ATDC around to achieve high thermal efficient, as shown in Figur e 1 and Figur e 2. The diesel fuel quantity was split equally between the two pilot pulse events. Figur e 3 compares the combustion durations of different PFI. The combustion durations were extended with increase in EGR fraction mainly due to the charge dilution [23] . It can be seen in Figur e 4 that NO X reduced with increase in EGR fraction. For the NO X to be below the Euro VI levels, the fuel specific NO X must be below 2 g/kg of fuel which means the minimum EGR fraction should be 40%. Figur e 5 shows the unburnt HC emissions with EGR sweep, and the more EGR fraction give rise to more unburned HC emissions. The reduction in heat rejection and flame propagation with increase in EGR fraction played a bigger role in this EGR fraction range. Figur e 6 shows the FSN results. The FSN decreased with increase in EGR fraction, which is not typical behavior of diesel combustion. The hypothesis here is that the peak flame temperature of diesel micro-pilot combustion was outside of the NO X and Soot production zone. For the PM to be below Euro VI limit, the FSN should be less than 0.2 which means the EGR fraction should be higher than 40%. Based on the above results, the EGR 40% was selected for the next step study in order to quantify the impact of diesel fuel injection strategy on the combustion process, engine performance and emissions.
PFI gasoline fraction sweep
PFI gasoline fraction sweep was conducted at 1900 RPM, 8 bar NMEP and 40% EGR fraction. Figur e 7 shows the cylinder pressure trace for three different PFI fractions. As it can be seen, with increasing in PFI fraction, the rate of cylinder pressure rise reduced, and therefore leading to slower combustion. Figur e 8 below shows the combustion duration is extended and the CA50 gets retarded while increasing the PFI fraction. These results prove that by keeping the gasoline fraction in a reasonable range, it is capable to control the combustion phase.
The gross indicated efficiency results look pretty close to each other with PFI fraction sweep. With the timing chosen on this test, the 80% PFI gasoline fraction had the best gross indicated efficiency as shown in Figur e 9. The NO X decreased with increase in PFI mainly due to the slower rate of combustion process and lower peak combustion temperature. 
Diesel pilot 2 injection timing sweep
Diesel pilot 2 injection timing sweep was conducted at 1900 RPM, 8 bar NMEP, 40% EGR fraction, and 90% PFI fraction. The Pilot 1 timing was kept constant at -45 ° ATDC. The Pilot 2 was varied from -10 to -25 ° ATDC. The total fueling and the EGR fraction were held constant. The first NMEP set point was achieved using the Pilot 2 timing of -15 ° ATDC. As a result of Pilot 2 timing change, the NMEP changed from the original 8 bar at the said condition above. The NMEP plot is shown in Figur e 10.
For a fixed fueling, the NMEP increased with advance in Pilot 2 timing as expected. However, the trend reversed when the timing was advanced beyond -20° ATDC. This is because the ignition event was controlled by chemical kinetics and not by the DI mixing. Figur e 11 shows the CA50 versus Pilot 2 timing. With advance in Pilot 2 timing until -20° ATDC the CA50 moved close to TDC, then the trend reversed because of the reason noted above. Figur e 12 shows the fuel specific NO X and gross indicated efficiency. As expected, the peak gross indicated efficiency was achieved with pilot 2 diesel injection timing at 22 deg. CA before TDC. The best gross efficiency measured was 53%. What's more, the NO X at the point was roughly same level as the Euro VI NO X levels. 
Conclusions
This study explored using in-cylinder blending of two fuels with different activities to control the combustion phase and heat release rate. In-cylinder fuel blending uses port fuel injection of gasoline and early cycle, direct injection of diesel fuel with two pilot injections. Single cylinder engine experimental testing was performed using at engine load of 8 bar NMEP and engine speed of 1900 RPM.
It was observed that the gasoline percentage can be effectively used to control the combustion phase and heat release rate. With the increase in gasoline percentage, the combustion phase will get retarded. The first diesel pilot injection timing does not impact the combustion process as much as the second diesel pilot injection timing. Regarding to the second pilot injection timing, there is an optimal timing to achieve the best thermal efficiency and low emissions.
During this primary study, the experimental testing measured high up to 53% indicated thermal efficiency while the NO X emission is below Euro VI level.
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